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TETRAMETHYLCYCLOBUTADIENE RADICAL CATION
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Nijenborgh 16, 9747 AG Groningen, The Netherlands

Summary: The tetramethylcyclobutadiene radical cation has been generated photochemically in
solutions of aluminum halide o complexes of tetramethylcyclobutadiene. It decays
thermally to a "dimeric" radical cation.

The chemistry of aluminum halide o complexes of alkyl-substituted cyclobutadienes
has been shown useful in the synthesis of a variety of mono-.and bicyclic compounds.1 The
intramolecular mobility of the A1C13-group in these complexes involves rapid 1,2 shifts along
the cyciobutadiene ring_.la In the present communication preliminary results are presented
that indicate that low-temperature photolysis of e.g. complex la or 1b leads to homolysis
of the carbon aluminum bond affording the corresponding radical cation of tetramethyl cyclo-

butadiene. In addition, thermal decay at low temperatures of this radical cation has been

detected to afford a "dimeric" radical cation.2 Very recently, Maier and coworkers3 reported the
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Fig. 1: ESR spectra of radical cation 3 (Fig. la) and 4 (Fig. 1b) at -80°C

tetra tert.-butylcyclobutadiene radical cation, using A1C13/CH2C12 as oxidizing agent on either
the corresponding tetrahedrane or cyciobutadiene.
When a 0.5 molar solution of either complex la or 19% was irradiated at -80°C in
the ESR cavity5 with a Philips SP 500 UV lamp, the ESR spectrum, shown in Fig; la, and
ascribed to radical cation 3, appeared (g-value: 2.0030; 11 of the expected 13 Tines have
been observed). The line intensities of the spectrum agree with a coupling of the electron
spin with 12 identical hydrogen atoms, aH being 8.75 G. The radical cation 4 (Fig. 1b) is
similarly obtained in CDZCIZ or CH2C12 solution from complex 2, the coup]ing constant aD being
1.32 G, which is in agreement with the theoretically expected value (aD = fiq;ﬂlflﬂ = 1.34 G).
When the Tamp is switched off, the ESR spectrum of 3 decreases in inzengity and a
much more complicated spectrum appears6 (Fig. 2) (g-value: 2.0030). The stability of the
radical cation responsible for this spectrum is strongly determined by the presence of oxygen

in the system. The identical spectrum is obtained on reaction of octamethyl-syn-tricyclo-

[4.2.0.02’5]-octadiene with A1C13 in CH2C12 at room temperature. The computer simulated spectrum7

Fig. 2: Experimental (A) and computer-simulated (B) ESR spectra of the "dimeric" radical cation.
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was obtained using for the hyperfine coupling constants the following values: alH (12H): 8.37 G,
aZH (6H): 1.38 G, and a3H (4H): 0.46 G (line width: 0.18 G). The structure of this radical
cation, which might be formed by oxidative dimerization of 3, is not yet knownbut may be either
§§ (in which a rapid electron transfer between the two cyclobutenyl ring systems occurs, X

being unknown) or 6.

It is of interest to speculate about the antiaromatic character of the cyclobutadiene
radical cations 3 and 4. I1i¢ and Trinajstié9 have very recently applied the method of
topological resonance energy (TRE) to many conjugated species, including the cyclopropenyl
radical and the cyclobutadiene radical cation: the destabilization in terms of TRE per I electron
is virtually the same (-0.155 and -0.154, respectively).

Comparison of the enthalpies of formation of cyclobutane, cyclobutene and cyclo-
butadiene with those of the corresponding radical cations show that the destabilization of the
cyclobutadiene radical cation is only half of tﬁat of cyclobutadiene on linear extrapolation
from cyclobutane to cyclobutene to cyclobutadiene.10

The relatively high antiaromatic character of the cyclopropenyl radical has been
calculated by Hess and Schaad11 and suggested to be in agreement with experimental data. Whether
the destabilizing effect of alkyl groups on cyclopropenyl radica1s12 is also valid for
cyclobutadiene radical cations remains uncertain without further experimental data. We are at
present engaged in establishing to what extent the aluminum halide o complexes of substituted
cyc]obutadienes‘can be exploited in generating the corresponding radical cations.
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